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ABSTRACT

Arnactive recei ve dot array has beerl developed for 01

cration in the downlink frequency band, 19.914-20.064
Gllz, of NASA’'s Advanced Commmmication Techmol-
opy Satellite (ACTS) for the ACTS Mobile Termi-
nal (A MT) project. The antenma reccives a vertically
polarized signal in a fixed angular heain region 46°
above the horizon, with an clevation beamwidth at
least 12" to cornpensate for vehiicle ] sitel and yaw,
whicre satellite tracking is obtained by steering, the
antenna incechanically. The active antenna consists of
an array of fourteen linear series fed-type microstrip
slot arrays, fourtean ] »ackaged Monolithic Microwave
Iitegrated Circuit (MMIC) low noise amplifier (I.LNA)
subn Liodules conmiected a eacl | subarray out] nit, a 14-

way Wilkinson-type Power divider, and a final ad-
ditional LNA sulbhniodule used as a driver amnplifier.
Measured G/T at beamn peak is 6.4 dE3/K.
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1L INTRODUCTION

A 20 Gl1z active receive slot array has been devel-
o] »ed for o] serationin the downlink frequency bai 1d of
NASA’s Advanced Commmunication Teclmology Satel-
lite (ACTS) for the ACTS Mobile Terininal (AMT)
project. The AMT is to danonstrate voice and data
cornnication tHetween a mobile teriinalin Los Ani-
geles, CAjand a fixed terminal in Cleveland, OH,
via the AGTS satellite [1]. Satellite tracking for the
land-mobile vehicular antenna systemn involves “ine-
chanical dithering” of the antenna, where the antenma
systan radiates a fixed bean 46° above the horizon,
receiving vertical polarization and transmitting hor-
izontal polarization at, 20 and 30 Gllz, respectively.
The active receive array was designed as alighit

11 'he rescarch described i) this paper was carried o1 it
by the set, 1 ’ropulsion Laboratory, California Insti-
tute of "Peclimology, under contract with the National
Acronantics and Space Administration.

weiglt, Jow prrofile rugged active anitean i, with low-

cost, high-voluine production potential with casy in-
tegration of active integrated cireuit componieits.

The active receive array 0] rerates over the frequenicy
range 19.9] 4-20.064" Glz with aminivnunsysten
G/T of - 8dB3/°K. The antenna, to be mounted on an
8-tuch diaineter turntable, receives a vertically polar-
ized signal in a fixed ang ular beam region 46° above
the horizou, with an elevation beamnwidth at least 12¢
to cornpensate for vehicle pitchar |d yaw.

The active antennma consists of an array of fourteen
1 imcar series-fed-typenicrostrip slotarrays, fourteen
packaged Monolithic Microwave Integrated Circuit
(MMIC) low noise amplifier (LNA) subimodules conr-
nected at, cachisubarray output, a 14-way Wilkinson-
type POWer divider, and a final additional LNA sub
module used as i driver amnplifie . The acti ve receive
arra y was desig ned to achieve the recei ve senisi ti vity
requiremnent by placing the LNAs as close as possible
to the antenna subarrays, minimizing the losses that
oceur infront of the amplifiers. The additional driver
amplifier further minimizes systern G/ sensitivity to
losses that follow the antenna.

2. SLOT ARRAY

The slot array consists of fourteen lincar subarrays
shaced () 648 g apart. Isach line ay series fed- typesub

array consist s of eight slot ¢ leinents transv ersely, ¢l ec-
tromagnetically coupled to a shielded microstrip linte
as shownin Figure 1 [2]. Fach subarray w as desighed
using transmission line theory with cach slot 1 odeled
as a series impedan ce. Characterization of the slot
elernerits as a function of offset was performed both
theoretically and experimentally. Amplitude distri-
bution along the array and the main bean direction
are afunction of the clement offsets and interelement
spacing,; respectively. In addition, the individual slot
lenipths vary along the array due to the fact that the
slotresonant frequency 1S a function of offsct. While
vertical shorting pins placed between the slotted plane
andthe shielding g v onmid plane yepe 11ccessary Lo sup




e

Figure 1, Linear slot subarray.

press undesired wave propagation | for asingle linear
subarray [2], for the 14-colutmarray,little difference
was seel | it measuredd patterns and gain with and
without thie shorting pins. The directivity of thie ay-
ray IS approximately 22.3 dB and  the insertion loss
was measured to be apPProXitpately 0.5 1.0 di3.

3. MMIC MODULE

Toprovidea low-cost proof-of-concept active | nodule
for conaniercial aPblication Is, thie actiye array develop
ment effort incorporated connercial N4k41 Cs 10V sed
in ofl-the-shelf microwave device packages. To exceed
the minimun G/T specification of -8 dBB/°K, the
LNA subinodules required < 4.0 dB noise figures and
>17.5 dB gain. Bachi LNA subimodule consists of two
TRW Al ,011] 02C MMIC LNAshoused in a standard
package frorn Stratlédge Corporation and mounted on
a subcarrier. LNAs with a low noise fipure (< 3.3 dB)
were scleeted Lo be 11 the first stage of the package
and U hose with higher gain (> 9 dB3) were selected 10
be in the second stage. The submodules exhibited an
average noise figure of 3.9 dBB and an average gain of

18 dB.

Thie MMIC receive 1odul ) consisting of 14 LN A
submodules, a noveli 4-way Wilkiuson power divider
[3], and a driver LNA submodule at the output, was
tested and found 1o have approximately 1 9.8 dB3 gain
throug I cach of the 14 Paths, with a maxitnum gain
variation of = 1.0 dB3 and amaximunmPhase variation
of 4 11°.

4. EXPERIMENTAL RESULTS

A prototype active antenna, shown in Figure 2, is
modular in design, where cach of the components, the

ar ay, the LNA submodules, and the power divider,
are 1 nownted onito a single base pl ate by screws for
vestability and rewor kability. Au attractive feature of
the ant enma desipn IS that all crcuitry and devices,
i.e., the power dividing network, the microstyip lines
of each subarray, and the LLNAs, are enclosed within
theantenma fixture, Radiation from the antenna oc-
curs only through the slot radiating, cleinents, thus
minimizing BMC issues. Measured radiation patterns
of the active receive array are shown in Iligure 3. Mea-
sured gain of the active array, measured using, a stan-
dard painhorn (approximately 24 di3 at 19.914 Gllz),
is shownin Figure 4, And finally, experitental results
indicate that G/T at the bean peak IS approximately
-6,4 dB3/°K.
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Figure 2. Active receive array. (a) Open view without back plate.
(b) Complete assenbly.
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Figure 3. Measured radiation patterns at 19.91 GHz. Elevation and azimuath cuts,

54 g — e S N

40 >__J [ | SH O T S RS K RN e SN [ (OO Y T U DD TS U O h
19 19.5 ?0 20.5 21 215 22

FREQUENCY (GHz)
Figure 4. Measured gain of active receive array.




